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MATERIAL  -  GLAT^r  CLOTH  REINFORCED  PLArTICS  - 
n001^^ELEVA^D_TEMPERATURE  PROPERTIES  _qF 


PURPOSE : 


The  purpone  of  thltj  Inver  tlcatlon  wan  to  establish  design  allow- 
ableo  for  glass-cloth  reinforced  plastlcc  with  the  following 
fabric  and  rosin  combinations: 


181  cloth  with  Clacn 
lOl  cloth  with  Class 
181  cloth  with  Class 
,1^3  chJtrTvJlTh  Class 
1^<3  cloth  with  Class 
1^3  cloth  with  Class 
120  cloth  with  Class 
120  cloth  with  Class 
120  cloth  with  Class 
183  cloth  with  Class 
103  cloth  with  Class 
183  cloth  with  Class 


II  (Laminae  U23?.)  resin 

III  (Conolon  506)  resin 

IV  (Epon  820)  rosin 

II  (Laminae  A232)  resin 

III  (Conolon  506)  resin 

IV  (Epon  828)  ros^n 

II  (Laminae  4232)  resin 

III  (Conolon  506)  rosin 

IV  (Epon  828)  resin 

II  (Laminae  4232)  resin 

III  (Conolon  506)  resin 

IV  (Epon  828)  resin 


SUMMARY: 


•Toit  :>r  -Mitiiiciis  listoa  idoo^r,  were  by  the 

Plastics  Shop  (Dept,  35)  and  the  Chemistry  La- 'A’“oi.ory  of 
Engineering  Test  Laboratoi  ies ,  Th®  ♦'•allowing  data  sr-.V  ■  ■  teal 
properties  were  obtalnp*d  for  c&oh  panex?  ;  jrr.fcer  of  plies,  cure 
cycle,  post-cure  cycle,  Barcol  hardness,  metimum  and  minimum 
thickness,  resin  content,  dielectric  c<<^  .*ant,  and  dissipation 
factor.  Panels  were  considered  accaptabl?^  fer  testing  if  they 
exceeded  the  minimum  requirements  of  -pec iflcs lion  FMS-0031(A; 
with  respect  to  Barcol  hardness*,  dlmenbio'.ul  tolerances,  and 
over-all  good  appearance. 


Various  c&ntlle  properties,  including  Poisson’s  ratio,  and  the 
bearing  properties  were  determined  for  the  materials  listed  above 
at  room  temperature,  300  and  50O  F,  tested  at  three  different 
angles  to  the  warp  direction  of  the  material,  viz,,  0,  45  and  90°. 
In  addition,  the  same  prope’-tirv  nt  room  temperature  were  de¬ 
termined  for  the  same  ma  IcxIglIj  a  rtcr  soaking  tne  material  in 
boiling  distilled  water  for  three  hours.  Compression  properties 
also  were  to  be  determined,  but  at. the  date  of  this  writing,  the 
compression  tests  are  incomplete.  Results  of  the  compression 
tests  will  be  presented  at  a  later  date  in  an  addendum  to  this 
report ,  | 
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From  each  tensile  specimen,  the  primary  modulus,  secondary  modulus, 
primary  proportional  limit,  secondary  proportional  limit,  ulti¬ 
mate  strength,  and  type  of  failure  were  determined  and  recorded. 
Bearing  yield  and  ultimate  strength  and  type  of  failure  were  de¬ 
termined  for  each  bearing  specimen.  From  each  compression  speci¬ 
men,  the  compressive  modulus  and  ultimate  strength  will  be  de¬ 
termined.  In  addition,  two  Jigs  and  three  methods  of  measuring 
compressive  strain  v;ill  be  evaluated. 

Average  values  obtained  for  Poisson's  ratio  were  foTind  to  vary 
between  the  following  limits: 

Parallel  to  the  warp  direction  at  room  temperature: 

.086  for  181  cloth  with  Class  II  (4232)  resin  to  .278  for  143 
cloth  with  Class  III  (506)  resin. 

At  45°  to  the  warp  direction  at  room  temperature; 

.16  for  143  cloth  with  Class  II  (4232)  resin  to  .513  for  l8l 
cloth  with  Class  IV  (828)  resin. 

At  90°  to  the  warp  direction  at  room  temperatvire : 

.051  for  143  cloth  with  Class  II  (4232)  resin  to  .I65  for  I8I 
cloth  with  Class  IV  (828)  resin. 

Parallel  to  the  warp  direction  at  300  F: 

.068  for  181  cloth  with  Class  II  (4232)  resin  to  .265  for  143 
cloth  with  Class  III  (506)  resin. 

Laminates  made  with  I8I  cloth  had  values  for  ultimate  tensile 
strength  and  tensile  modulus  of  elasticity  in  the  warp  direction 
which  were  approximately  equal  to  these  properties  when  tested  90° 
to  the  warp  direction.  These  properties  at  45°  to  the  warp 
direction,  however,  were  reduced  by  approximately  50^6  or  more. 

Laminates  of  I8I  cloth  with  Class  II  (4232)  and  Class  III  (506) 
resins  retained  approximately  85^  of  their  room  temperature  ten¬ 
sile  properties  at  500  F  with  the  exception  of  laminates  made 
with  161  cloth  and  Class  II  (4232)  resin  at  45°  to  the  warp 
direction.  Approximately  505^  of  the  room  temperature  tensile 
properties  were  retained  at  500  F  for  this  condition.  The  room 
temperature  ultimate  tensile  strength  at  warp  directions  of  0,  45, 
and  90°for  I8I  cloth  with  Class  IV  (828)  resin  were  decreased  at 
500  F  by  28,  44,  and  23%  respectively. 

The  ultimate  tensile  strength  values  at  room  temperature  for 
laminates  made  with  143  cloth  at  45  and  90°  to  the  warp  direction 
were  approximately  19  and  14^,  respectively,  of  the  values  parallel 
to  the  warp  direction. 
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Soaking  the  above  materials  at  300  F  while  stressed  to  20  and  40^ 
of  their  room  temperature  strengths  for  100  hours  had  no  signi¬ 
ficant  effect  on  their  properties  at  300  F. 

All  tensile  specimens  made  of  l8l  cloth  with  Class  II  (4232)  resin 
which  were  cut  parallel  to  the  warp  direction  exceeded  the  mlni- 
mTJm  values  of  specification  FMS-0031(A).  Five  speclmens^of  l8l 
cloth  with  Class  III  (506)  resin  and  five  specimens  of  l8l  cloth 
with  Class  TV  (828)  resin  did  not  meet  these  requirements.  No 
other  specification  or  comparable  data  are  available  for  checking 
the  results  obtained  for  the  other  test  conditions. 

Bearing  yield  and  ultimate  strength  were  not  found  to  vary  with  the 
direction  of  warp  for  laminates  made  with  l8l  cloth.  Laminates 
made  with  l8l  cloth  with  Class  II  (4232)  resin  and  l8l  cloth  with 
Class  III  (506)  resin  retained  approximately  58  and  re¬ 

spectively,  of  their  room  temperature  bearing  properties  at  500  F; 
however,  a  reduction  of  approximately  535^  in  the  room  temperature 
bearing  properties  at  300  F  for  I8I  cloth  with  Class  IV  (828) 
resin  was  observed. 

The  soaking  of  bearing  specimens  of  18I  cloth  with  Class  II  (4232) 
or  Class  III  (506)  resins  at  3OO  F  while  loaded  to  20  and  40?^  of 
their  room  temperature  bearing  strength  for  100  hours  had  no 
significant  effect  on  the  properties  at  300  F;  however,  similar 
treatments  on  two  specimens  of  I8I  cloth  with  Class  IV  (828) 
resin  caused  failure  before  100  hours  of  soak  time  was  reached. 

Eight  specimens  of  I8I  cloth  with  Class  TV  (828)  resin  were  soaked 
at  260  F  while  stressed  in  bearing  to  20^  (3  specimens)  and  405^ 

(5  specimens)  of  their  room  temperature  bearing  strength.  One 
specimen  loaded  to  20^  and  four  specimens  loaded  to  40^  failed  be¬ 
fore  100  hours  of  soak  was  reached.  The  three  remaining  specimens 
were  tested  at  300  F. 

The  bearing  properties  for  specimens  made  with  143  cloth,  de¬ 
creased  slightly  with  angle  of  warp.  However,  most  of  these  speci¬ 
mens  tested  at  45  and  90°  to  the  warp  directions  did  not  exhibit 
typical  bearing  failures.  This  can  be  explained  by  the  fact  that 
this  material  is  unidirectional.  No  yield  was  obtained  for  some  of 
these  specimens  because  failure  occurred  before  the  bearing  hole 
deformed  to  .0075".  In  these  cases,  deformation  at  failure  was 
recorded. 
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OBJECT: 


The  object  of  this  investigation  was  to  determine  the  mechanical 
properties  at  room  and  elevated  temperatures  for  various  glass- 
fabric  and  resin  combinations  of  plastic  laminated  materials. 

The  following  combinations  were  tested:  120  cloth,  143  cloth, 

I8l  cloth,  and  IS3  cloth  with  Class  II,  Class  III,  and  Class  IV 
resins,  as  specified  in  FMo-0031(a),  at  0,  45,  and  y0°  to  the 
direction  of  warp  of  the  material.  The  properties  to  be  de¬ 
termined  were : 

a.  Various  tensile  properties 

b.  Bearing  properties 

c.  Compressive  properties 

DESCRIPTION  OF  SPECIMENS; 

Sixty  glass  reinforced  plastic  panels,  numbered  101  through  I60 
of  the  following  glass  fabric  and  resin  combinations  were  fabri¬ 
cated  by  the  Plastics  Shop,  Dept.  35>  and  the  Chemistry  Laboratory 
of  the  Engineering  Test  Laboratories,  at  Convair,  Ft.  Worth; 


Panel  Glass  Resin  as  specified  Panel 

Number _ Fabric _ in  FMS -0031(a) _ Size 


101 

to 

105 

181 

cloth 

Class 

II  (4232; 

26" 

X 

24" 

106 

to 

110 

181 

cloth 

Class 

III  (506; 

IV  (828) 

26" 

X 

24" 

111 

to 

115 

181 

cloth 

Class 

26" 

X 

24" 

116 

to 

120 

143 

cloth 

Class 

II  (4232; 

24" 

X 

22" 

121 

to 

125 

143 

cloth 

Class 

III  (506; 

24" 

X 

22" 

126 

to 

130 

143 

cloth 

Class 

IV  (828) 
II  (4232; 

24" 

X 

22" 

131 

to 

135 

120 

cloth 

Class 

14" 

X 

12" 

136 

to 

140 

120 

cloth 

Class 

III  (506; 

rv  (028) 

14" 

X 

12" 

141 

to 

145 

120 

cloth 

Class 

14" 

X 

12" 

146 

to 

150 

183 

cloth 

Class 

II  (4232; 

14" 

X 

12" 

151 

to 

155 

183 

cloth 

Class 

III  (506; 

IV  (028) 

14" 

X 

12" 

156 

to 

160 

183 

cloth 

Class 

14" 

X 

12" 

Of  these  panels,  six  were  fabricated  by  the  Chemistry  Laboratory, 
as  indicated  in  Table  I.  The  others  were  fabricated  by  the 
Plastics  Shop. 

Of  the  cloths  used  in  making  the  laminates,  143  was  unidirectional, 
and  the  three  others  v/ere  bidirectional.  By  definition,  a  uni¬ 
directional  cloth  is  one  which  has  greatest  strength  vjhen  tested 
in  one  direction  in  relation  to  the  flbering.  A  bidirectional 
cloth  is  one  v/hi.ch  has  appi’oxlmatcly  equal  strcnr'tli  in  two 
directions. 
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The  laminates  were  made  with  the  following: 

Laminae  4232  modified  polyester  resin  reinforced  vilth  l8l,  143^ 
120,  and  I83  style  Garan  Finished  glass  cloths. 

181,  143 j  120,  and  IB3  style  Volan  "A"  finished  glass  cloths, 
pre- impregnated  v/lth  Conolon  306  phenolic  resin. 

Epon  828  epoxy  resin  reinforced  with  I8I,  143,  120,  and  I83 
style  Volan  "A"  finished  glass  cloths. 

The  curing  system  for  Laminae  4232  resin  was  ATC  (benzoyl  peroxide 
with  trlcresyl  phosphate)  and  the  curing  system  for  Epon  828  resin 
was  meta-phenylene  diamine. 

The  materials  used  in  fabrication  of  the  panels  were  obtained  from 
the  following  vendors: 

American  Cyanamid  Company  Class  II  (4232)  resin 

Plastics  and  Resins  Division 
30  Rockefeller  Plaza 
New  York,  N.  Y. 

Cadet  Chemical  Corporation  ATC  (benzoyl  peroxide  with 

Lockport  -  Olcott  Road  tricresyl  phosphate) 

BTirt  1,  N.  Y. 

E.  I.  duPont  de  Nemours  &  Co.,  Inc.  ATC  (benzoyl  peroxide  with 
Wilmington  98,  Delaware  tricresyl  phosphate)  and 

meta-phenylene  diamine 

Hess,  Goldsmith  &  Co.,  Inc.  120  cloth 

1400  Broadway,  New  York,  N.  Y.  I83  cloth 

120  cloth  pre-impregnated 
with  Conolon  ^06 
143  cloth  ditto  above 
181  cloth  ditto  above 
183  cloth  ditto  above 

Shell  Chemical  Corporation  Epon  828  resin 

380  Madison  Ave.,  New  York,  N.  Y. 

J.  P.  Stevens  &  Co.,  Inc.  I8I  cloth 

1460  Broadway 
New  York,  N.  Y. 

Trevarno  Glass  Fabrics  I81  cloth 

4924  Greenville  Avenue 
Dallas,  Texas 

l&l,  143,  and  120  cloth 


United  Merchants  &  Mfg.  Inc. 
1407  Broadway 
New  York,  N.  Y. 


Narmco  Resins  &  Coatings  Co. 
600  Victoria  Street 
Costa  Mesa,  California 


1. 

2. 

3. 
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History  sheets,  supplied  by  the  Inspection  Department  of  the 
Plastics  Shop  accompanied  each  panel  indicating  the  number  of  plies, 
cure  cycle,  and  post-cure  cycle.  Barcol  hardness,  maximum  and 
minimum  thicknesses,  resin  content,  the  dielectric  constant,  and 
dissipation  factor  were  determined  for  each  panel.  These  items  to¬ 
gether  with  the  date  each  panel  was  received  from  the  shop  are 
shown  in  Table  I.  It  was  originally  planned  that  control  tests 
were  to  be  conducted  on  each  panel.  Specimens  from  each  panel  were 
to  be  tested  to  Insure  conformance  with  the  minimum  requirements 
of  specification  FMS-0031(A).  Hov/ever,  after  approximately  40  panelt 
were  received  from  the  shop  which  did  not  meet  these  requirements, 
it  was  decided  by  the  Engineering  Materials  and  Processes  Group  to 
use  only  the  following  criteria  as  a  basis  of  accepting  panels  for 
testing:  Barcol  test,  dimensional  tolerances,  and  over-all  good 
appearance . 

Various  tensile  properties,  including  Poisson's  ratio,  and  bearing 
properties  were  determined  for  each  condition  shown  in  Table  II. 

Four  specimens,  one  from  each  of  four  different  panels,  were  tested 
in  the  conditions  indicated.  To  retain  identity,  each  specimen  was 
marked  with  the  panel  number  from  which  it  was  taken  and  the  letter 
A,  B,  or  C,  depending  on  the  directionality  with  relation  to  the 
warp,  (a  signified  that  it  was  parallel  to  the  warp  direction, 

B  that  it  was  45°  to  the  warp  direction,  and  C  that  it  was  90°  to 
the  warp  direction), 

PROCEDURE: 

The  specimens  were  tested  using  the  procedures  given  below.  All 
tests  at  elevated  temperatures  were  conducted  by  heating  in  ovens 
which  were  designed  and  constructed  at  Convair,  Fort  Worth. 

Tensile  Tests; 

All  tensile  specimens  were  machined  as  shown  in  -1  and  -3  of 
Figure  1,  with  the  exception  of  those  specimens  taken  from  panels 
of  143  cloth  and  cut  parallel  to  the  direction  of  warp.  Because 
143  cloth  is  unidirectional,  tensile  specimens  whose  long  dimension 
was  parallel  to  the  warp  direction  were  machined  with  larger  radii 
as  shown  in  -1  and  -3  of  Figure  2.  One  end  of  the  above  tensile 
specimens  was  fabricated  as  shown  in  -5  of  Figure  1  (regular  type 
specimen)  and  in  -5  of  Figure  2  (unidirectional  type  specimen) 
for  tests  conducted  at  500  F.  So  that  less  load  to  failui’e  would 
be  required,  these  specimens  were  machined  .250"  wide.  Both  of 
the  above  changes  were  made  for  500  F  tests  to  prevent  bearing 
failures  at  the  clevis. 
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Tests  were  conducted  on  5000  and  60^000  lb.  capacity  Baldwin 
universal  test  machines  equipped  with  MA-1  microformer  recorders. 
The  specimens  were  loaded  at  a  constant  rate  so  that  failure 
occurred  in  approximately  2  to  3  minutes.  Load  versus  strain 
curves  were  recorded  autograph ically  using  various  Baldwin  micro¬ 
former  type  extensometers  with  a  2-lnch  gage  length. 

Specimens  tested  at  room  temperature  and  300  F  were  gripped  with 
Templin  grips.  Strain  measurements  for  tests  conducted  at  300  F 
were  obtained  by  placing  the  extensometer  inside  the  oven.  Tests 
at  500  F  were  conducted  using  a  Baldwin  type  PSH-8MS  extensometer. 
To  allow  passage  of  the  extension  arms  of  this  extensometer 
through  the  oven  walls ^  a  clevis  fitting  with  a  loading  pin  was 
used  to  load  the  bottom  end  of  the  specimen. 

In  order  to  determine  the  effect  of  exposure  for  100  hours  at 
300  F  under  sustained  tensile  stress  on  the  tensile  properties  at 
300  Fj  specimens  were  loaded  in  Riehle  creep-rupture  machines. 

The  loading  was  at  20  and  40^  of  the  average  tensile  strength  at 
room  temperature.  After  so  loading  for  100  hours,  each  specimen 
was  removed  and  tested  in  tension  at  300  F. 

Poisson's  Ratio; 

Determinations  of  Poisson's  ratio  at  room  temperature  and  300  F 
were  made  on  tensile-test  specimens,  and  were  obtained  simul¬ 
taneously  with  the  tensile-test  data.  Longitudinal  strain  was 
determined  with  extensometers,  and  transverse  strain  was  ob¬ 
tained  using  type  ABF-11,  SR-4  strain  gages  mounted  at  the  center 
of  the  specimen  in  the  transverse  direction.  Strain  gage  readings 
were  taken  under  loading  at  50  lb.  intervals  up  to  approximately 
500  lbs.  These  data  were  then  plotted  to  show  the  relationship 
of  load  versus  transverse  strain.  The  slope  of  the  first  straight 
portion  of  the  load  versus  longitudinal  strain  curve  and  the 
slope  of  the  load  versus  transverse  strain  curve  were  used  to 
calculate  Poisson's  ratio  as  follows: 


m  (t)  s  L 

nj) 


P.  R.  = 

m  (1)  - 
m  (t)  - 


m  (1)  -  L 

TJTJ 


slope  of  first  straight  portlonof  the  load  vs, 

longitudinal  strain  curve. 

slope  of  load  vs.  transverse  strain  curve. 
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E  (l)  -  longitudinal  strain  (in/in). 

E  (tj  -  transverse  strain  (in/ln) 

L  -  load  ( lbs .  ) 

P.  R.  -  Poisson's  ratio 

Bearing  Tests: 

All  the  specimens  used  for  bearing  tests  were  machined  according 
to  the  drawing  shown  for  -7  of  Figure  1.  The  tests  were  conducted 
on  5000  and  60,000  lb.  capacity  Baldwin  universal  test  machines 
using  the  fixture  shown  in  Figure  3.  Bearing-load  versus  hole- 
deformation  curves  were  recorded  autographically .  The  same  pro¬ 
cedure  as  stated  above  for  the  tensile  tests  was  used  to  determine 
the  effect  of  100  hours  exposure  at  300  F.  under  sustained  bearing 
stress  on  the  bearing  properties  at  300  F.  An  exception  to  this 
procedure  was  used  for  specimens  taken  from  panels  fabricated 
from  l8l  cloth  with  Class  IV  (828)  resin.  Because  two  of  these 
specimens  failed  during  the  100  hours  soak  at  300  F.  while  loaded 
to  20^  of  the  average  room  temperature  bearing  strength,  the  soak 
temperature  was  changed  to  260  F.  for  this  material. 

Ultimate  bearing  strength,  bearing  yield  strength,  and  the  type 
of  failure  were  determined  for  each  bearing  specimen  tested. 
Bearing  yield  strength  Is  that  stress  at  which  the  bearing  hole 
was  deformed  4^  of  its  original  diameter.  This  was  obtained  from 
the  load-deformation  curves  by  extending  a  vertical  line  crossing 
the  abscissa  at  .0075"  until  it  intersected  the  curve.  For  some 
specimens,  particularly  143  cloth  with  Class  III  (506)  resin, 
failure  occurred  before  this  point  was  reached  so  the  hole  de¬ 
formation  at  failure  was  recorded.  All  specimens  were  loaded  at 
a  constant  rate  so  that  failure  occurred  in  approximately  2  to  3 
minutes . 

Compression  Tests; 

Since  some  of  the  compression  tests  have  not  been  completed, 
particularly  the  sustained  load  tests,  the  pertinent  data  will  be 
reported  in  an  addendum  to  this  report  at  a  later  date . 

RESULTS; 

The  properties  determined  in  the  tensile  tests  for  the  laminates 
in  the  various  conditions  are  given  in  Tables  III  through  X. 

Also,  the  values  for  the  tensile  strengths  and  moduli  of  elasti¬ 
city  are  shown  graphically  in  Figures  4  through  10.  Typical 
stress-strain  curves  are  shown  in  Figures  11  through  27.  Figures 
28-1  and  28-2  are  photographs  of  representative  tensile  failures. 


PASE _ 8. 

REPORT  Nf>  FGT-2l86 
MODEI B-^8 _ 

nATF  5-1-59 


UTILITY  REPORT  sheet 


Dvportr.ient  6 
FWP  I072-8-S4 


C  0  N  V  A  I  R  [^0^7  NO-PGlrElsI 

A  DIVISION  OF  GENERAL  DYNAMICS  CORPORATION  MODEI - - 

(FORT  WORTH)  DATE - 5 -.1-5.9 


The  results  of  the  bearing  tests  are  given  in  Tables  XI  through 
XVIII,  and  the  values  are  shovm  graphically  in  Figures  29  through 
34.  Typical  stress-deformation  curves  are  shown  In  Figures  35 
through  49.  Figures  50  and  51  are  photographs  of  typical  bearing 
failures . 

Compression  results  are  not  complete  and  will  be  reported  in  an 
addendum  to  this  report  as  soon  as  possible. 

DISCUSSION: 

Poisson's  Ratio  -  The  average  values  for  Poisson's  ratio  determined 
at  room  temperature  varied  considerably  with  the  direction  of  warp 
for  each  material  investigated.  Average  values  ranged  from  .086 
for  l8l  cloth  with  Class  II  (4232)  resin  to  .278  for  143  cloth 
with  Class  III  (506)  resin  when  measured  parallel  to  the  warp 
direction.  They  ranged  from  .16  for  143  cloth  with  Class  II 
{4232)  resin  to  .513  for  I8I  cloth  with  Class  rv  (828)  resin  when 
measured  at  45°  to  the  warp  direction.  The  variation  was  from 
.051  for  143  cloth  with  Class  II  (4232)  resin  to  .I65  for  I8I 
cloth  with  Class  IV  (828)  resin  at  90°  to  the  warp  direction. 

Average  values  of  .068  for  I81  cloth  with  Class  II  (4232)  resin 
and  .265  for  143  cloth  with  Class  III  (506)  resin  represented  the 
mlnimTim  and  maximum  average  values  obtained  at  300  F,  as  measured 
parallel  to  the  warp  direction. 

The  manufacturer  of  the  strain  gages  used  in  the  determinations  of 
Poisson's  ratio  indicated  through  correspondence  that  these  gages 
had  an  accuracy  of  plus  3  to  4^^  when  used  in  the  transverse 
direction. 

Tension  Properties : -  Primary  modulus,  secondary  modulus,  primary 
proportional  limit,  secondary  proportional  limit,  type  of  failure, 
and  ultimate  strength  for  each  tensile  specimen  are  recorded  in 
Tables  III  through  X.  These  results  are  shown  in  bar  graph  form 
in  Figures  4  through  10.  Typical  stress-strain  curves  are  shown 
for  each  condition  in  Figures  11  through  27.  Figures  28-1  and 
28-2  are  photographs  showing  typical  tensile  failures  designated 
D,  T,  S  and  U.  Specimens  which  failed  by  separation  of  bonds  be¬ 
tween  layers  of  cloth  were  designated  D  (delamination  type  failures). 
In  these  cases  the  bonds  were  broken.  Whether  delamination  occurred 
before  actual  tension  failure  is  not  known.  A  break  in  which  the 
specimen  failed  primarily  in  the  fibers  of  the  cloth  was  de¬ 
signated  U  (unidirectional).  Two  other  types  of  failures  which 
could  not  be  attributed  primarily  to  a  break  in  the  bond  between 
cloths  or  to  a  fibrous  failure  of  the  cloth  were  designated  T 
(tension)  and  S  (shear). 
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Average  values  are  included  in  tlie  Tables  and  plotted  on  the  bar 
graphs  for  secondary  modulus  as  well  as  primary  modulus.  Some 
tensile  specimens,  hov/ever,  exhibited  no  secondary  modulus.  Be¬ 
cause  the  stress-strain  curves  for  specimens  whose  long  dimension 
was  45°  to  the  warp  direction  did  not  contain  a  clearly  defined 
straight  portion,  determinations  for  the  correct  modulus  were 
difficult  and  led  to  much  scatter  in  the  data  for  this  condition, 

Tiie  primary  proportional  limit  v;as  taken  as  the  upper  limit  of  the 
first  straight  portion  (primary  modulus)  of  the  stress-strain 
curve,  and  the  secondary  proportional  limit  was  taken  as  the  upper 
limit  of  the  second  straight  portion  (secondary  modulus)  of  the 
stress-strain  curve.  Some  specimens,  particularly  those  parallel 
to  the  warp  direction,  gave  stress-strain  curves  consisting  of 
one  straight  line  (primary  modulus).  For  such  specimens  the  ulti¬ 
mate  strength  was  recorded  as  the  primary  proportional  limit. 

Other  specimens  had  stress-strain  curves  which  did  not  depart  from 
the  secondary  modulus  line  at  higher  stress  levels.  In  these 
cases,  the  ultimate  strength  was  recorded  as  the  secondary  pro¬ 
portional  limit. 

Values  recorded  for  primary  proportional  limit  and  secondary  pro¬ 
portional  limit  tend  to  be  deceiving.  If  a  particular  specimen 
has  no  secondary  modulus  (e.g.,  101 -C-5  of  Table  III),  its  primary 
proportional  limit  may  be  a  value  which  is  many  times  larger  than 
that  of  another  specimen  tested  (e.g.,  103-C-4  of  Table  III), 
which  has  a  secondary  modulus.  It  is  for  this  reason  that 
average  values  for  primary  proportional  limit  and  secondary  pro¬ 
portional  limit  are  not  Included  in  the  Tables. 

For  laminates  made  with  I8I  cloth  (see  Figures  4,  5  and  6),  the 
average  values  for  tensile  ultimate  strength  and  modulus  as 
measured  parallel  to  the  warp  direction  were  approximately  equal 
to  those  properties  when  measured  90°  to  the  warp  direction.  The 
average  values  for  these  properties  as  measured  45°  to  the  warp 
direction  were  approximately  half  of  the  parallel  and  90°  values 
or  less.  Average  tensile  ultimate  strength  and  modulus  values  of 
specimens  made  with  I8I  cloth  with  Class  II  (4232)  resin  and  I8I 
cloth  with  Class  III  (506)  resin  and  tested  at  500  F  show  that 
these  materials  retained  approximately  75^  or  more  of  their  room 
temperature  properties  at  500  P.  The  properties  of  I81  cloth  with 
Class  rv  (828)  resin  dropped  3056  or  more  at  300  F  and  substantially 
more  at  500  F.  No  significant  effect  on  the  tensile  properties 
of  these  materials  at  300  F  was  observed  due  to  loading  specimens 
to  20  and  40^  of  their  room  temperature  tensile  strength  while 
soaking  them  at  3OO  F  for  100  hours.  Two-inch  gage  marks  were 
made  on  several  of  these  specimens  and  no  elongation  was  observed 
after  the  specimens  were  unloaded. 
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For  laminates  made  with  1^3  cloth  (see  Figures  J,  8,  and  9)j  the 
average  values  of  ultimate  tensile  strength  at  45°  and  90°  to  the 
warp  direction  were  approximately  equal.  These  values  at  room 
temperature  for  143  cloth  with  Class  II  (4232)  resin,  143  cloth 
with  Class  III  (506)  resin,  and  143  cloth  with  Class  IV  (828) 
resin  were  approximately  21,  15>  and  20^,  respectively,  of  the 
average  strengths  obtained  for  specimens  whose  long  dimension  was 
parallel  to  the  warp  direction. 

A  comparison  at  room  temperature  and  500  F  of  the  tensile  properties 
parallel  to  the  warp  direction  of  120  and  163  cloths  with  Class  II 
(4232),  Class  III  (506),  and  Class  IV  (828)  resins  is  shown  in 
Figure  10.  No  secondary  modulus  was  observed  on  specimen.s  of  I83 
cloth  with  Class  II  (4232)  resin  at  500  F. 

Of  the  four  types  of  tensile  failures  that  occurred,  as  shown  in 
FlgTires  28-I  and  28-2,  only  types  t( tension)  and  D(de lamination) 
were  observed  on  specimens  of  I8I  cloth  with  Class  II  (4232)  and 
Class  III  (506)  resins.  For  these  materials,  a  delamination  type 
of  failure  was  observed  on  all  specimens  tested  at  45°  to  the 
direction  of  warp.  Tensile  failures  of  all  specimens  taken  from 
panel  105  regardless  of  warp  direction  were  de lamination -type 
failTires,  as  indicated  in  Table  III. 

Some  specimens  made  with  143  cloth  exhibited  a  U  (unidirectional) 
type  of  failure,  as  shown  in  Figure  28-2.  This  type  of  failure 
occurred  only  on  specimens  whose  long  dimension  was  parallel  to 
the  warp  direction.  A  fourth  type  of  failure,  designated  S  (shear), 
was  observed  on  some  specimens  whose  long  dimension  was  45°  to 
the  warp  direction.  This  type  is  also  shorn  in  Figure  28-2. 

All  specimens  taken  from  panels  made  with  I8I  type  cloth  and  cut 
parallel  to  the  direction  of  warp  exceeded  the  requirements  of 
specification  FMS-0031(a)  with  the  following  exceptions,  (see 
Tables  III,  IV  and  V ) : 

Treatment  or 

Cloth  &  Resin  Combination  Specimen  No.  Condition 

181  cloth  -  Class  III  (506)  resin  IO8-A-I  R.  T. 


181  cloth  -  Class  IV  (828)  resin 


108-A-l 

R.  T. 

107-A-3 

Wet 

110-A-? 

Wet 

IO7-A-8 

1/2  hr.  at 

300  F 

llO-A-3 

1/2  hr.  at 

500  F 

111-A-l 

R.  T. 

113-A-l 

R.  T. 

114-A-I 

R.  T. 

112-A-3 

114-A-3 


1/2  hr.  at 
300  F 
1/2  hr.  at 
300  F 
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Bearing  Tests  -  Bearing  yield  strength,  ultimate  bearing  strength 
and  type  of  failure  are  recorded  for  each  bearing  specimen  in 
Tables  XI  through  XVIII.  These  results  are  shown  in  bar  chart 
form  in  Figures  29  through  3^ •  Stress-deformation  curves  for 
each  condition  are  shown  in  Figures  35  through  49-  The  bearing 
data  obtained  from  specimens  of  143  cloth  with  Class  IV  (828) 
resin  were  not  plotted  in  bar  graph  form  because  of  erratic  I’e- 
sults.  Figure  50  is  a  photograph  showing  the  four  typical  failures 
in  bearing  tests.  These  four  types  were  designated  as  bearing, 
shear,  tension,  and  tension-shear. 

Average  values  for  ultimate  bearing  strength  and  bearing  yield 
strength  of  specimens  made  with  l8l  cloth  did  not  vary  more  than 

10  to  15^  with  the  direction  of  testing,  as  indicated  by  the  data 
In  Tables  XI,  XII,  and  XIII.  All  these  specimens  with  the  ex¬ 
ception  of  specimens  107 -C-1  and  107-A-5  viable  XII)  exhibited 
bearing  type  failures. 

Soaking  at  20  and  40^^  of  their  average  room  temperature  bearing 
ultimate  strength  for  100  hours  had  no  significant  effect  on  the 
bearing  properties  at  300  F  for  specimens  of  l8l  cloth  with  Class 

11  (4232)  and  Class  III  (506)  resins.  Average  bearing  strengths 
for  specimens  of  l8l  cloth  with  Class  III  (506)  resin  dropped 
approximately  8^  of  their  room  temperature  strengths  when  tested 
at  500  F.  This  represented  the  least  drop  in  room  temperature 
bearing  strength  for  all  specimens  tested  at  500  F. 

Although  specimens  of  l8l  cloth  with  Class  IV  (826)  resin  had  the 
highest  average  room  temperature  bearing  strength,  the  bearing 
properties  at  300  F  dropped  to  approximately  one -half  the  room 
temperature  average  values,  as  is  shown  in  Figure  31.  Two  speci¬ 
mens  of  this  material  were  soaked  at  300  F  while  loaded  to  20^  of 
their  room  temperature  bearing  strength.  Failure  occTirred,  how¬ 
ever,  before  100  hours  of  soak  time  was  reached.  The  soak  tem¬ 
perature  for  this  material  was  thenchanged  to  260  F.  Three  speci¬ 
mens  were  loaded  to  20$^  and  five  to  40^  of  their  room  temperature 
bearing  strength  while  soaking  at  260  F  for  100  hours.  One  of 
the  specimens  loaded  to  20^^  and  four  of  the  specimens  loaded  to 
40^  failed  before  100  hours  of  soak  was  reached,  as  recorded  in 
Table  XIII.  Photographs  of  four  of  these  failed  specimens  are 
shown  in  Figure  51. 

For  l8l  cloth  with  Class  IV  (828)  resin,  testing  at  500  F  reduced 
the  average  bearing  strength  to  approxlmatley  12^  of  the  average 
strength  at  room  temperature,  as  'shown  In  Figure  3I.  This  repre¬ 
sented  the  greatest  drop  in  strength  with  temperature  for  all 
fabric  and  resin  combinations  investigated.  Some  of  these  speci¬ 
mens  tested  at  500  F  failed  before  the  bearing  hole  was  deformed 
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to  .0075"j  therefore,  deformation  at  failure  Instead  of  yield 
strength  is  recorded  in  the  Tables  for  these  specimens. 

A  comparison  of  the  bearing  properties  for  each  test  condition  is 
shovm  in  Figure  32  for  143  cloth  with  Class  II  (4232)  resin  and 
in  Figure  33  for"  143  cloth  with  Class  III  (506)  resin.  The 
properties  decreased  slightly  with  angle  of  warp  for  each  con¬ 
dition  . 

A  large  number  of  bearing  specimens  which  were  made  from  143  cloth 
and  cut  90°  to  tiie  direction  of  warp  exhibited  tension  type  fail¬ 
ures,  as  is  shovm  in  Tables  XIV,  XV,  and  XVI.  This  was  the  re¬ 
sult  of  poor  tensile  strength  in  this  material  in  the  90°  direction. 
Since  a  number  of  specimens  made  v/ith  143  cloth  failed  before  the 
bearing  hole  deformed  .0075"^  deformation  at  failure  was  recorded 
in  the  Tables. 

A  comparison  of  the  bearing  properties,  parallel  to  the  warp 
direction,  at  room  temperature  and  500  F  of  120  and  183  cloths 
with  Class  II  (4232),  Class  III  (506)  and  Class  IV  (828)  resins 
Is  shown  in  Figure  3^. 

Compression  Tests  -  As  soon  as  compression  tests  are  completed, 
the  results  will  be  published  in  an  addendum  to  this  report.  Com¬ 
pression  properties  will  be  determined  for  the  same  conditions  as 
shovm  in  Table  II.  Two  types  of  compression  Jigs  and  three  means 
of  measuring  compressive  strain  will  be  evaluated. 

CONCLUSIOifS : 

The  results  of  this  investigation  consist  of  empirical  data  to 
be  used  in  establishing  design  allowables  at  room  and  elevated 
temperatures  for  all  combinations  of  the  following  glass  fabrics 
and  resins:  Types  l8l,  143,  120,  and  I83  glass  cloths  with 
Class  II  (4232),  Class  III  (506),  and  Class  IV  (828)  type  resins.. 
From  the  data  obtained,  the  following  general  conclusions  are 
dravm: 

1.  The  values  for  Poisson's  ratio  decrease  with  temperature  for 
laminates  made  with  I8I  and  143  cloths. 

2.  Laminates  made  with  I8I  cloth  have  tensile  strengths  which 
are  approximately  equal  at  0  and  90°  to  the  warp  direction 
and  approximately  twice  the  strength  of  the  material  at  45° 
to  the  warp  direction. 
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3.  Exposures  for  100  hours  at  300  P  at  loads  of  20  and  UOJo 
of  room  temperature  ultimate  tensile  strength  have  no 
effect  on  the  tensile  properties  at  300  P  parallel  to  the 
warp  direction  for  laminates  made  with  I8I  and  143  cloths. 

4.  Bearing  properties  of  laminates  made  with  I8I  cloth  are 
independent  of  warp  direction. 

5.  Exposiires  for  100  hours  at  300  P  at  loads  of  20  and 

of  room  temperature  bearing  strength  have  no  effect  on  the 
bearing  properties  at  300  F  f or  the  following  glass  cloth 
and  resin  combinations:  l8l  cloth  with  Class  II  (4232) 
resin^  I8I  cloth  with  Class  III  (506)  resin,  and  143  cloth 
with  Class  II  (4232)  resin.  Similar  bearing  loads  at  300  F 
on  laminates  consisting  of  I8I  cloth  with  Class  IV  (828) 
resin  may  cause  failure  before  100  hours  of  soak  time  is 
reached. 
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Mag.  IX 

Typical  Failure  Prom  Tensile  Tests. 


D  (DSlamination)  seemed  to  fall  at  the  bond  between  cloths. 

T  (Tension)  failed  across  the  specimen  without  delaminating. 

Figure  2b- 1 
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Typical  Failures  Prom  Tensile  Tests, 

S  (Shear)  failed  on  an  angle  of  approximately  45°  without 
delaminating. 

U  (Unidirectional)  fibrous  type  failure  observed  only  on 
specimens  made  using  143  type  cloth. 


Figure  28-2 
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